Although visceral leishmaniasis is primarily transmitted by a biological invertebrate vector, transmission in the absence of the vector has been reported, including venereal transmission in humans. Considering the possibility of venereal transmission, we studied genital lesions in dogs naturally infected with visceral leishmaniasis and shedding of Leishmania sp. in the semen. Approximately 200 dogs were serologically tested for anti-Leishmania antibodies and divided into three groups: 1) serologically negative dogs (n ϭ 20), 2) asymptomatic serologically positive dogs (n ϭ 20), and 3) symptomatic serologically positive dogs (n ϭ 20). Samples from both testes, all segments of both epididymes, prostate gland, glans penis, and prepuce were histologically evaluated and processed for immunodetection of Leishmania sp. Semen samples were obtained from 22 symptomatic serologically positive dogs and processed for detecting Leishmania DNA by polymerase chain reaction. A significantly higher frequency of inflammation was observed in the epididymes, glans penis, and prepuce of dogs with visceral leishmaniasis, which was associated with a high frequency of immunohistochemically positive tissues (up to 95% of tissues from symptomatic dogs were positive by immunohistochemistry). Leishmania DNA was detected in eight of 22 semen samples from symptomatic dogs. Together these findings indicate that genital lesions and shedding of Leishmania sp. (donovani complex) in the semen are associated with visceral leishmaniasis. Additional studies should address the possibility of venereal transmission of the disease in the dog.
Leishmaniasis is a zoonotic disease caused by intracellular protozoa belonging to the genus Leishmania. According to the World Health Organization, the disease is present in 88 countries, mostly in tropical areas and in the Mediterranean basin. Depending on which Leishmania species is involved in the infection and the immunocompetence of the human host, the infection can result in visceral, cutaneous, or mucocutaneous leishmaniasis. Visceral leishmaniasis in dogs is associated with variable clinical manifestations ranging from unapparent subclinical infections to a systemic disease characterized by progressive weight loss, hepatomegaly, splenomegaly, and lymphadenopathy, which is frequently associated with dermatological signs. 14, 21 The amastigote form of the parasite occurs intracellularly in the vertebrate host, whereas the promastigote and paramastigote forms are found within the digestive tract of the invertebrate host. 14, 24 Several vertebrate species can be infected with Leishmania sp., but the dog is recognized as the most important reservoir for human visceral leishmaniasis caused by Leishmania chagasi and Leishmania infantum. 15 Indeed, the spatial distribution of serologically positive dogs and human infections is spatially correlated. 18 Transmission of the disease usually occurs between the invertebrate host, which in the New World is the sand fly Lutzomia longipalpis, and the vertebrate host. 14, 24 However, transmission of visceral leishmaniasis in the absence of the invertebrate vector has been reported. Recently, a case of transmission through blood transfusion was documented in a dog. 19 Similarly, transmission between drug users through contaminated needles has been reported. 2 Furthermore, autochthonous cases of visceral leishmaniasis have been reported in the USA 7 and in the UK, 9 where there is no suitable biological vector. In these cases, exposure to an alternative insect vector, direct transmission, or vertical transmission were considered possible routes of infection, although the actual mechanism for transmission was not identified. 7 In spite of the occurrence of vertical transmission in humans, 12 a recent study indicates that this route of trans-mission is not likely to occur in dogs. 1 A case of venereal transmission between a man and a woman in an area free of the disease and in the absence of the vector has been well documented. 22 Venereal transmission has not been reported in dogs, although it is thought to be likely to occur in this species 5 because genital lesions associated with visceral leishmaniasis have been described both in the dog 6 and man. 3, 4, 10, 20 There is also a report of canine transmissible venereal tumor in which intralesional amastigotes of Leishmania sp. were observed. 13 Considering the potential for venereal transmission of visceral leishmaniasis and the lack of information about genital lesions associated with the disease in dogs, the goal of this study was to identify lesions in the genital system and to detect amastigote forms of Leishmania sp. in genital organs and in the semen of dogs with visceral leishmaniasis.
Materials and Methods

Animals and sampling
The dogs from this study came from the Center for Zoonosis Control (CZC) and consisted of sexually mature male dogs of varied ages and varied breeds. Approximately 200 dogs were submitted to serological tests, including indirect fluorescence, complement fixation, and enzyme-linked immunosorbent assay for detection of anti-Leishmania antibodies. Sixty dogs were then selected. Serologically positive dogs were assigned to groups on the basis of clinical symptoms and visceral lesions observed at necropsy. A control group was derived from serologically negative animals at the CZC that were in good health clinically and devoid of visceral lesions. Therefore the 60 dogs were divided into one of the following three groups: 1) control group composed of healthy dogs serologically negative for leishmaniasis, 2) asymptomatic serologically positive dogs (with neither clinical signs nor lesions suggestive of visceral leishmaniasis), and 3) symptomatic serologically positive dogs (with clinical signs and lesions suggestive of visceral leishmaniasis). At necropsy, samples from both testes, all segments of both epididymides, and the prostate gland were collected. Another group of 60 dogs were selected and grouped on the same criteria described above and used for the study of the external genitalia; samples of the glans penis and prepuce were then collected. Senile and prepubertal dogs were excluded from the study. A third group of 22 serologically positive sexually mature male dogs with clinical signs of variable intensity were subjected to semen sampling for PCR detection of Leishmania DNA as described below.
All tissue samples were fixed in 10% neutral buffered formalin for 24 and 48 hours and embedded in paraffin. Sections (5 m) were mounted onto silane-coated slides and stained with hematoxylin and eosin (HE) or further processed for immunohistochemistry (IHC). The frequency of inflammation was estimated from the number of dogs with any inflammatory change over the total number of dogs in each group. Histological sections were scored from 0 (no inflammation) to 3 (severe inflammation). The score of each slide was established by a single pathologist without knowledge of group assignment (control, asymptomatic, or symptomatic). Selected sections of the testes were stained with Congo Red for detection of amyloid.
Immunohistochemistry
The immunohistochemical protocol employed here has been recently described. 23 Monoclonal and polyclonal antibodies and a canine hyperimune serum were employed as primary antibodies on serial sections. A commercially available anti-Leishmania lipophosphoglycan monoclonal antibody (Cedarlane Laboratories, Hornby, Canada) was used as a primary antibody and diluted 1 : 100 (0.01 M phosphatebuffered saline [PBS]). For production of the polyclonal antibody, promastigotes of a canine isolate of L. chagasi were grown to the stationary phase in alfa-MEM medium at 25ЊC, supplemented with 10% heat-inactivated fetal calf serum, and injected intramuscularly into a rabbit. The immunization protocol included three injections with 3-week intervals. For the first injection, 10 7 inactivated promastigotes were suspended in 0.5 ml of complete Freud's adjuvant. For the following two injections, the same number of inactivated promastigotes were suspended in 0.5 ml of incomplete Freud's adjuvant. Three weeks after the third injection, serum was collected, stored at Ϫ20ЊC, and used as primary antibody at 1 : 100 dilution. A heterologous hyperimmune serum of one dog naturally infected with L. chagasi (immunofluorescent assay title Ն 1 : 40), diluted 1 : 100 (0.01 M PBS), was also used as primary antibody.
Sections (5 m) were hydrated and incubated in 4% hydrogen peroxide in PBS solution (0.01 M, pH 7.2), incubated with normal goat serum (1 : 100 dilution) as blocking antibody, and then incubated with one of the primary antibodies described above 18-22 hours at 4ЊC in a humid chamber. After washing in PBS, the slides were incubated with biotinylated secondary antibody for 20 minutes at room temperature, washed in PBS again, and then incubated with streptavidin-peroxidase complex (LSABϩ Kit, DAKO Corporation, Carpinteria, CA) for 20 minutes at room temperature. The reaction was developed with a 0.024% diaminobenzidine (Sigma, St. Louis, MO) solution and 0.16% hydrogen peroxide. The slides were counterstained with Harris' hematoxylin. Negative controls comprised tissues known to be free of amastigotes and by switching the primary antibody by PBS. Samples of liver and spleen from serologically and parasitologically positive dogs were used as positive controls. The number of immunolabeled amastigotes was scored from 0 to 3 (0 ϭ no amastigotes detected, 1 ϭ small number of amastigotes [1-3 amastigotes or macrophage-containing amastigotes per higher magnification microscopic field], 2 ϭ moderate number of amastigotes [4-10 amastigotes or macrophage-containing amastigotes per higher magnification microscopic field], and 3 ϭ large number of amastigotes [Ͼ10 amastigotes or macrophage-containing amastigotes per higher magnification microscopic field]).
Polymerase chain reaction
Samples of semen were collected by digital manipulation from 22 dogs seropositive for Leishmania sp. None of these dogs were part of the groups described above that were used Table 1 . Frequency of inflammation in the internal genitalia of symptomatic, asymptomatic, and control dogs (serologically negative for leishmaniasis). † The samples from the testes and epididymes from one control dog were lost during processing.
‡ Control versus asymptomatic (P ϭ 0.0562). § Control versus symptomatic (P ϭ 0.0031). Table 2 . Frequency of inflammation in the external genitalia of symptomatic, asymptomatic, and control dogs (serologically negative for leishmaniasis). † n ϭ total number of dogs in a given group. Different lowercase letters in the same column indicate a statistically significant difference (P Ͻ 0.05). Different uppercase letters in the same row indicate a statistically significant difference (P Ͻ 0.05).
‡ The samples from the testes and epididymes from one control dog were lost during processing. for the morphological and immunohistochemical studies. All 22 dogs had clinical signs of variable intensity compatible with visceral leishmaniasis, but none of the dogs had an advanced clinical disease with either cachexia or chronic renal failure. These samples were processed for DNA extraction by digesting the semen in FE buffer (100 mM Tris-HCl, 100 mM NaCl, 1 mM EDTA pH 8.0, Sarcosyl 20%, proteinase K 20 mg/ml, dithiothreitol 154 mg/ml), followed by phenol-chloroform extraction. DNA was precipitated in isopropanol at Ϫ20ЊC, washed in 70% ethanol, and resuspended in nuclease-free water. PCR was performed according to a previously described method. 11 DNA (1 g) was added to 15.6 l of a solution containing 5.1 l of 10ϫ PCR buffer, 5.1 l of a 200 M dNTP solution, 0.2 M primer A (5Ј-CTTTTCTGGTCCCGCGGGTAGG-3Ј), 0.2 M primer B (5Ј-CCACCTGGCCTATTTTACACCA-3Ј), 3 mM MgCl 2 , and 1.5 U of Taq polymerase. Cycling parameters were denaturation at 94ЊC for 4 minutes; 49 cycles of denaturation (94ЊC for 30 seconds), annealing (59ЊC for 30 seconds), and extension (72ЊC for 30 seconds); and a final extension at 72ЊC for 10 minutes. The PCR products (145 bp) were resolved by agarose gel electrophoresis. To test the sensitivity of this PCR protocol for semen samples, promastigotes of L. chagasi were cultured as described and serially diluted in semen samples from a serologically negative dog. Concentrations ranged from 1 to 10,000 organisms/ml of semen, with an aliquot of noninoculated semen used as negative control.
Statistical analysis
The frequency of lesions and IHC positivity were compared among groups by Fisher's exact test with Graphpad Instat software (version 3.05, Graphpad Software, Inc., San Diego, CA). The inflammation score and the score for the number of immunolabeled amastigotes were compared by the Kuskal-Wallis test, and a correlation analysis between these scores was performed with Spearman's nonparametric correlation test. The Graphpad Instat software was used for these nonparametric analyses.
Results
No gross lesions were detected in either the internal or external genitalia. The frequencies of inflammatory changes in the testis, epididymis, and prostate are summarized in Table 1 . The frequency of inflammation in the glans penis and prepuce are summarized in Table  2 . Although the frequency of testicular inflammation was not significantly different among the groups, seropositive dogs, particularly symptomatic dogs, tended to have a higher frequency of inflammation in the testis (Table 1) . Indeed, the mean score of inflammation was higher in testes of symptomatic dogs, indicating a stronger testicular inflammatory reaction associated with clinical visceral leishmaniasis (Table 3 ). These dogs had multifocal to diffuse nonsegmental lymphoplasmacytic interstitial orchitis associated with secondary mild to severe testicular degeneration. The degenerative process was more intense in the seminiferous tubules of symptomatic dogs (Fig. 1) . Either under regular light microscopy or polarized light, no amyloid was observed in Congo Red-stained sections of the testes from seropositive dogs with testicular histopathological changes (data not shown).
A predominantly histiolymphocytic epididymitis (Fig. 2) was observed in all groups, and the frequency of epididymitis was significantly higher (P ϭ 0.0031) in the symptomatic group compared with the seronegative controls ( Table 1) . The difference between frequencies of epididymitis between asymptomatic dogs and seronegative controls was just marginally significant (P ϭ 0.0562). Both asymptomatic and symptomatic seropositive dogs had a significantly higher score of inflammation compared with the controls ( Table 3) .
The frequency of inflammatory infiltrate and the score of inflammation in the prostate gland was not significantly different among the groups (Tables 1, 3) , and in the sections with inflammation, a lymphoplasmacytic infiltrate predominated. Interestingly, in spite of these results, the highest score of inflammation in the control group was observed in the prostate gland compared with other organs of the genital system ( Table 3 ). Taken together, these results indicate that there is no association between visceral leishamaniasis and prostatitis.
The inflammatory reaction in the glans penis was predominantly histiocytic with morphological features of a granulomatous reaction. The frequency and the score of inflammation in the glans penis were significantly higher in seropositive dogs compared with controls, with symptomatic dogs developing a higher frequency and score of inflammation (Tables 2, 4 ). Several seropositive dogs (10 symptomatic and five asymptomatic) had a large number of macrophages containing intracellular amastigotes with virtual absence of other inflammatory cells (Fig. 3) . In one of the symptomatic dogs, macrophages containing intracellular amastigotes were observed within the epithelial layer of the urethra, indicating transepithelial migration of Leishmania-containing phagocytes (Fig. 4) . Table 4 . Score* of inflammation in the external genitalia of symptomatic, asymptomatic, and control dogs (serologically negative for leishmaniasis). † n ϭ total number of dogs in a given group. Different lowercase letters in the same column indicate a statistically significant difference (P Ͻ 0.05). Different uppercase letters in the same row indicate a statistically significant difference (P Ͻ 0.05). Table 5 . Frequency of immunohistochemical (IHC) detection of Leishmania sp. amastigotes in the internal genitalia of symptomatic, asymptomatic, and control dogs (serologically negative for leishmaniasis). * n ϭ total number of dogs in a given group that was evaluated by IHC. Different letters in the same column indicate a statistically significant difference (P Ͻ 0.05). Table 6 . Frequency of immunohistochemical (IHC) detection of Leishmania sp. amastigotes in the external genitalia of symptomatic, asymptomatic, and control dogs (serologically negative for leishmaniasis). * n ϭ total number of dogs in a given group that was evaluated by IHC. Different letters in the same column indicate a statistically significant difference (P Ͻ 0.05).
In the prepuce, the frequency and score of inflammation between seronegative controls and seropositive dogs was significantly different, but no difference was detected between symptomatic and asymptomatic dogs (Tables 2, 4). A hystioplasmacytic balanoposthitis was observed in all groups, with variable frequencies. In addition some seropositive dogs either symptomatic or asymptomatic had a granulomatous dermatitis characterized by a large number of histiocytes diffusely distributed throughout the mucosa associated with multifocal areas of erosions and ulcerations with intense infiltration of neutrophils. Large numbers of amastigotes were observed intracellularly in macrophages.
Amastigotes were observed in HE-stained sections of the epididymis from eight symptomatic and one asymptomatic dog, in the testes of three symptomatic dogs, in the glans penis of seven symptomatic and one asymptomatic dog, and in the prepuce of eleven symptomatic and three asymptomatic dogs.
To improve the sensitivity of detection of amastigotes, a immunohistochemical approach was employed. Canine hyperimmune serum was superior to monoclonal and polyclonal antibodies; thus, sections in which the canine hyperimmune serum was employed as primary antibody were examined in detail to generate the data presented here. The frequency of amastigotes detected by IHC is summarized in Tables 5 and 6. As expected, a much higher sensitivity for detection of amastigotes was obtained with IHC compared with HE-stained sections. This notion is supported by the absence of amastigotes in HE-stained sections of the prostate gland, which is in sharp contrast to the IHC results, which demonstrated amastigotes in more than a half of the sections from both symptomatic and asymptomatic dogs. Amastigotes were specifically stained, with the vast majority located intracellularly in macrophages ( Figs. 5-8) . The distribution of immunostaining was variable and correlated with the inflammatory changes, with the excep-tion of the prostate, in which a small number of macrophages containing amastigotes were observed scattered throughout the interstitium. Amastigotes were not detected by IHC in any of the genital organs from seronegative dogs. Higher numbers of positive sections of the testis and epididymis were observed in symptomatic compared with asymptomatic dogs. No immunolabeled amastigotes were observed either in the lumen of the seminiferous tubules or within the epididymal duct. In contrast, no significant differences in the number of IHC-positive sections of the prostate gland, glans penis, and prepuce were observed between these groups (Tables 5, 6 ). The number of amastigotes was higher in the epididymis and prepuce of symptomatic dogs (Tables 7, 8) , which is in good agreement with the frequency and intensity (score) of inflammation. In fact, a highly significant positive correlation (P Ͻ 0.0001) was observed between the score of inflammation and the number of amastigotes in the epididymis (r ϭ 0.6730), prepuce (r ϭ 0.6911), and glans penis (r ϭ 0.6178), whereas no significant correlation was observed in the testes and prostate gland (r ϭ 0.2479 and 0.0261, respectively).
PCR analysis of semen samples spiked with promastigotes of L. chagasi resulted in a level of detection of at least 1 organism/ml of semen. All dilutions from 10,000 to 1 organism/ml were PCR positive, whereas the noninoculated control was negative (data not shown). PCR analysis of semen samples from 22 serologically positive dogs resulted in 36.36% (8/22) positivity ( Fig. 9 ).
Discussion
We demonstrated that visceral leishmaniasis is associated with a high frequency of inflammatory lesions in most of the male genital organs in dogs. Our results clearly indicate that inflammation of the epididymis, glans penis, and prepuce is more frequent in dogs serologically positive for visceral leishmaniasis, and among those, symptomatic dogs develop lesions more often than asymptomatic dogs. A similar trend was observed for the occurrence of orchitis, but not for prostatitis.
The frequency and intensity of inflammatory lesions in the testis correlated with clinical manifestation of the disease as well as the parasite load in the testis. The number of amastigotes in the testis apparently acts as a causing factor triggering the inflammatory response, whereas testicular degeneration is probably a consequence of inflammation rather than any direct parasitic effect on the seminiferous epithelium. This notion is supported by the fact that testicular degeneration is often secondary to testicular inflammation. 16 It is noteworthy that no amastigotes were detected within the seminiferous tubules, and although the seminiferous tubules often developed degenerative changes, they remained morphologically intact in all seropositive dogs. Experimental infection of hamsters with Leishmania donovani results in testicular amyloidosis, Table 7 . Score* of the number of immunolabeled amastigotes in the internal genitalia of symptomatic, asymptomatic, and control dogs (serologically negative for leishmaniasis). † n ϭ total number of dogs in a given group that was evaluated by IHC. Different lowercase letters in the same column indicate a statistically significant difference (P Ͻ 0.05). Different uppercase letters in the same row indicate a statistically significant difference (P Ͻ 0.05). Table 8 . Score* of the number of immunolabeled amastigotes in the external genitalia of symptomatic, asymptomatic, and control dogs (serologically negative for leishmaniasis). † n ϭ total number of dogs in a given group that was evaluated by IHC. Different lowercase letters in the same column indicate a statistically significant difference (P Ͻ 0.05). degeneration, progressive atrophy, and azospermia. In this experimental model, the degenerative changes are also associated with infiltration of lymphocytes and macrophages containing amastigotes in the testes. 8 Testicular amyloidosis was not observed in this study, which contrasts with the previously described lesions in hamsters. 8 In human visceral leishmaniasis, testicular involvement is not well studied, but there one study reported amastigotes in macrophages obtained by fine needle aspiration of the testes of a boy with a severe lymphoblastic leukemia. 10 An explanation for the finding of amastigotes in cases of epididymitis could be the presence of a pre-existing inflammatory process, which would recruit macrophages carrying Leishmania. In this case, the presence of amastigotes associated with epididymitis would just be an incidental finding. However, our data indicate that through an unknown mechanism, Leishmania-or macrophage-containing amastigotes are attracted to the epididymis because the frequency of epididymitis is significantly increased in dogs with vis-ceral leishmaniasis and the intensity of inflammation correlates with the number of amastigotes. In sharp contrast, although the occurrence of prostatitis is relatively high in healthy seronegative dogs, no amastigotes were detected in HE-stained slides, and just a very low parasitic load was detected by IHC in the prostate gland of symptomatic or asymptomatic seropositive dogs. In addition, the frequency of inflammation in the prostate gland did not differ among the groups. Considering that epididymitis is often associated with the presence of inflammatory cells in canine semen, 17 epididymitis associated with visceral leishmaniasis could result in shedding of Leishmania in the semen, favoring venereal transmission of the disease, which has been reported in humans. 22 To further characterize this process, we employed PCR for detection of Leishmania in the semen, resulting in a relatively high percentage of seropositive dogs shedding the organism in the semen. Importantly, this frequency could be underestimated because we sampled dogs that were not conditioned to digital sampling, which resulted in some samples composed mostly of the prostatic frac-tion with a very low cell content. In addition, serial sampling was not doable because the dogs were euthanatized soon after sampling. Considering the method of digital manipulation employed for semen sampling, the Leishmania DNA detected in the semen most likely originated from the internal genitalia because contamination with Leishmania from the external genitalia would not be expected under these circumstances. However, natural breeding in dogs often results in trauma to both the male and female, increasing the possibility of transference of amastigotes from the external genitalia of the dog in addition to the organisms secreted from the internal genital organs. These aspects could increase the possibility of venereal transmission.
The increased frequency of inflammation in the epididymis, glans penis, and prepuce was directly proportional to the severity of clinical signs and to the number of amastigotes in the testis as evidenced by IHC. However, this pattern was not observed in the prostate gland, in which the frequency of inflammation was similar between seropositive and control dogs, although a few amastigotes were detected in most of the prostate sections by IHC. These findings are in good agreement with previous report 6 that described an increase in the inflammatory infiltrate associated with more evident clinical signs, although these authors studied a limited number of dogs by transmission electron microscopy.
Our results demonstrate that sensitivity for identification of amastigotes in HE-stained sections is extremely low compared with IHC. In addition, the use of canine hyperimune serum as primary antibody yielded results comparable or even superior to either the monoclonal or the polyclonal antibodies used in this study. These results are in good agreement with the previous description of this immunohistochemical method. 23 The high frequency of inflammation associated with erosions and/or ulcerations and amastigotes in the glans penis and prepuce, as well as the finding of macrophages containing amastigotes migrating through the urethral epithelium, might also contribute to shedding of Leishmania in the semen. Although the biological vector is the most important route of transmission, the possibility of venereal transmission could prove to have epidemiological significance, mostly in relation to the implementation of an eradication program. According to early reports, 5 venereal transmission of visceral leishmaniasis is likely to occur in dogs because it was observed that, in an area with low vector population and low number of human cases, a high number of infected dogs was observed, which is not compatible with exclusively vector-mediated transmission. Lesions in the glans penis and prepuce have been re-ported in cases of human visceral leishmaniasis 4, 20 and human cutaneous leishmaniasis. 3 Furthermore, a case of venereal transmission of human visceral leishmaniasis has been well documented. 22 Taken together, our findings indicate that genital lesions and shedding of Leishmania sp. (donovani complex) in the semen are frequently associated with visceral leishmaniasis. Additional studies should address the possibility of venereal transmission of the disease in the dog.
